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ABSTRACT 



A low cost binary image processor in an image processing 
apparatus designed to pe rform the shading correctio n and 
bin arize the edge emp hasis of an image with an autom atic 
ga in control according to background intensity using h alf- 
to ne processing . This binary image processor comprises an 
image sensor for reading an image from a document, a 
converter for converting an electric signal re ad -out from said 
image sensor into image data, a threshold generator for 
generating a threshold value corresponding to each input 
pixel of the image data, an image processor for correcting 
shading and emphasizing edge of said image data to produce 
processed data having said shading corrected and edge 
emphasized on a line -by-line basis, and a binarizing circuit 
for using half-tone processing to binarize each pixel of the 
processed data on a basis of said threshold value and 
generate binary data accurately representing the image. 

38 Claims, 11 Drawing Sheets 
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BINARY IMAGE PROCESSOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application makes reference to, incorporates the 
same herein, and claims all benefits accruing under 35 
U.S.C. §119 from an application tor Binary Image Processor 
earlier filed in the Korean Industrial Property Office on Aug. 
12, 1994 and assigned Ser. No. 19901/1994. 

BACKGROUND OF THE INVENTION 

1. Technical Field 

The present invention relates to a system for copying 
and/or transmitting a document, and more particularly to a 
binary image processor for generating a binary image exhib- 
iting high degree of resolution for a low cost facsimile 
machine. 

2. Background Art 

Conventional image processing apparatuses for electri- 
cally performing various types of image processing are 
exemplified by facsimile machines and copying machines. 
In these apparatuses, an original image is illuminated by a 
light source, and the light reflected by the original image is 
read and converted into an electrical signal by an image 
sensor such as a CCD sensor. The electrical signal is then 
subjected to AID conversion, shading correction to correct 
dispersion of image data due to differences in sensitivity 
between any image sensing elements of the image sensor, 
light intensity distribution of the light source is the main 
scanning direction, distortion of lens or the like, and sub- 
sequently converted into binary data using half-tone pro- 
cessing to be used for a binary image display or recording in 
an arrangement of dots formed of display dots and non- 
display dots. One example for such a conventional shading 
correction technique is disclosed in U.S. Pat. No. 4,524,388 
issued to Abe et al. and U.S. Pat. No. 5,267,055 for Image 
Signal Processing Apparatus issued to Sakamoto et al. 

When half tone is reproduced in such a binary image, 
image data is binarized compared with threshold data in 
accordance with an area gradation method represented by a 
density pattern method or a dither method, and tone repro- 
duction is performed to determine the number of display 
dots per unit area in dependence upon the density of the 
original image. When the tone reproduction is performed 
however, in edge portion of a character image and a line 
image, display dots become sparse and cause edge loss, 
thereby resulting in a degradation in the quality of an image. 

Accordingly, it has been necessary for image data to be 
corrected in advance at the preceding stage of tone repro- 
duction in order to prevent such a degradation in the quality 
of an image. Conventional art designed to obtain a clear 
image without blurring the contours is disclosed for 
example, in U.S. Pat. No. 5,408,338 tor Image Processing 
Unit Processing Pixel Data According To Scan Line Density 
issued to Koike. Conventional shading correction and edge 
emphasis techniques used to obtain high quality image are 
disclosed in U.S. Pat. No. 5,253,083 for Image Reading 
Apparatus Having Improved Shading Correction issued to 
Hirota, U.S. Pat. No. 5,165,072 for Image Processing Appa- 
ratus Which Detects A Line Image issued to Kurita et al., 
U.S. Pat. No. 5,130,820 for Image Processing Device issued 
to Hirota, U.S. Pat. No. 5,086,484 for Image Processing 
Apparatus With Fixed Or Variable Threshold issued to 
Katayama et al., and U.S. Pat. No. 4,942,461 for Digital 
Multiple-Color Image Processing Apparatus issued to Abe 
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et al. In these arrangements however, I have observed that 
the circuits are large and complicated, and consequently, the 
image processing systems are costly. 

5 SUMMARY OF THE INVENTION 

Accordingly, it is therefore an object of the pres ent 
inv ention 16 provide a binary image processor lor generating 
a binary image exhibiting frigh resolutoi tor a low cost and 
c ompact image processing system. 

10 It is another object of the present invention to a binary 
image processor for performing shading correction and edge 
emphasis so that an image of a document read-out in a 
facsimile system could be processed as a binary image 
exhibiting high resolution. 

It is still another object of the present invention to provide 
a binary image processor for generating a binary image 
exhibiting high resolution at low cost, for either direct 
printing or transmission to another remote image processing 

2Q system for printing. 

It is a further object of the present invention to provide a 
binary image processor for executing shading correction, 
edge emphasis, half-tone process and automatic gain control 
(background) in order to obtain a binary image exhibiting 

25 high resolution in a relatively low cost facsimile machine. 
In order to achieve these and other objects of the present 
invention, a novel binary image processor is provided for 
processing an original image of the document such that the 
binary image processor could generate a binary image that 

30 is substantially identical to the original image. The binary 
image processor according to the present invention executes 
the shading correction, binarization of the edge emphasis, an 
automatic gain control according to background intensity 
and the half-tone process, etc., of an image of an input 

35 document. Particularly in the binarization process of edge 
emphasis executed in the present invention, the binary 
image processor establishes a local mask of 1x3 to a central 
pixel, assigns an edge emphasis weighting factor pre-fixed 
to each of the corresponding pixels, and then compares the 

40 result values with a predetermined threshold value through 
simulation, then performs the binarization of the image. / 
Jo further achieve th e above object, the binary i mage 
processor according to me present iriventiori comprise s a 
memory for storing a^h ajjjigj: actor for a shading correction , 

45 a voltage peak value corres por^ng'to Tv^te^rej^g nce of 
an imfege anci a threshol d "va luejojr d eter mining a b lacker 
white^pfl x eT of the image^j a . threshold generat or for gener- 
atirrgthe threshold value to%e stored In the memory by a line 
clock of a given pixel unit and by a pixel clock correspond- 

50 ing to each pixel; a voltage peak controller for comparing 
image data obtained from reading an image with voltage 
peak value stored in the memory, so as to adaptively control 
the voltage peak value corresponding to the white reference 
of the image, and for restoring the compared voltage peak 

55 value in the memory; a shading correction controller for 
generating a shading correction signal for the shading cor- 
rection of the image during a predetermined time period 
provided by the pixel clock; an edge emphasis controller for 
generating an edge emphasis signal for an edge emphasis of 

60 the image during a predetermined time period provided by 
the shading correction signal; an edge emphasis masking 
unit for masking the image data so as to perform one or more 
levels of the edge emphasis on a given pixel, and for 
emphasizing an edge of the masked image data in response 

65 to the edge emphasis signal; a t\ np^ rat ion unit fo r selecting 
and operating arithmetically the jgiagedata and the masked 
image data in response to the shading"c5rT5ction signal and 
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t he edge emphasis signal; a binary image j£t£aQin i gg^n it DETAILED DESCRIPTION OF THE 

for d etermining whether ttie 1 'image data corresponds to a PREFERRED EMBODIMENT 

fiEETor-wMte pixel of an image bycomE^^aliic Ref&ning now to the drawings and particularly to FIG. 1, 

o perated arithmetically by the operationin^ th the t h resh- ^ iUustrates a facsimile tem fof generating a binary 

ojn^iue^na a aata-Qutput unit tor output ting binary^ge 5 ^ foffl iffl ^ of a do ^ Mt B ^ i, 

d at a represenUnpn binary image ; exru gj^ighrpU^ dance ^ ^ es Qf ^ m iavemion ^ 

deterged m th e bmar y^age determining uniT^FX^t Qf nQ x fe ged of a M ^ 

l^^^^^f^^^ E^^ with enEcTj ssor 2 fQr ocessiD a shadin correctionj ^ edge 

^!5 ^' flr ' nr a rn ^ - emphasis, an automatic gain control, a half-tone process and 

^^nTpresent invention is more specifically described in the 10 a mreshold int ensi ty value generation for determining a 

following paragraphs by reference to the drawings attached black or white pixel in a given unit m correspondence with 

only by way of example. a background intensity of the document; an image sensor 4 

BRIEF DESCRIPTION OF THE DRAWINGS for reading the image of a document and for generating an 

analog signal corresponding to the image read-out; an 

A more complete appreciation of the present invention, 15 analog _ to _ digital converter 6 (hereinafter, referred to as 

and many of the attendant advantages thereof, will become "aoC") for converting the analog signal outputted from the 

readily apparent as the same becomes better understood by ^ sensof 4 imo a digital gignal; a contfol unit composed 

reference to the following detailed description when con- of a central proceS sing unit CPU 8, an input and output (I/O) 

sidered in conjunction with the accompanying drawings in inter f aC e 10, a direct memory access (DMA) controller 12 

which like reference symbols indicate the same or similar 20 and a &ignal controUer u for contro iUng the binary image 

components, wherein: processor 2; a memory 16 for storing image-processed data 

FIG. 1 illustrates a schematic block diagram of a system at me binary image processor 2 under the control of the CPU 

for executing binarization of a document according to the g ; and a thermal print header (hereinafter, referred to as 

present invention; "TPFT) 18 for printing the document image outputted from 

FIG. 2 illustrates a detailed circuit diagram of a binary the binary image processor 2 under the control of binary 

image processor 2 as shown in FIG. 1 according to the image processor 2. 

present invention; \ s a pp are nt from FIG. 1, an image is read from an 

FIG. 3 illustrates a detailed block diagram of a shading original document by the image sensor 4 which consists 

correction and edge emphasis processing unit 100 compris- 3Q essentially of a photoelectric conversion element (not 

ing an operation unit 20, a shading correction controller 22 shown) such as a CCD and a driver unit (not shown) for 

and an edge emphasis controller 24 as shown in FIG. 2; scanning it. A voltage-level signal which corresponds to the 

FIG. 4 illustrates a detailed circuit diagram of the shading density of the read-out image is output from the image 

correction controller 22 as shown in FIG. 3; sensor 4 to an ADC 6, where the voltage-level signal is 

FIG. 5 illustrates a detailed circuit diagram of the edge 35 converted into a digital signal. The digital signal is then 

emphasis controller 24 as shown in FIG. 3; inputted to the binary image processor 2 for binarization. 

FIG. 6 illustrates a detailed circuit diagram of the edge ™ c binarv ima S e Processor 2 for processing the binary 

emphasis mask unit 30 as shown in FIG. 2; ^ °P crales reciprocally with the controllers of the 

_ . t1 , .mi..... c.-i 1. system, namely the CPU 8, the DMA controller 12 and the 

FIG. 7 illustrates a detailed circuit diagram ot the voltage : . 4 „ J - . , , 4 . . . , . . 

, 1t . . ™~ - & An signal controller 14, and thereby processes the digital signal 

peak controller 34 as shown in FIG. 2; 40 r A r^r- * *t_ u- • u ■ • 

r ' 01 AD Co into the binary image. I ne binary image processed 

FIGS. 8A and 8B illustrate a detailed circuit diagram of by the binafy image processor 2 is outputted to the TPH 18 

the threshold generator 35 as shown in FIG. 2, and a ^ copy mode data for CO pying the document, or in the 

threshold matrix where threshold horizontal and vertical alternatively, to the DMA controller 12 as transmission 

indexes are updated; ^ mode data fof trari smitting the document, in accordance with 

FIG. 9 illustrates a detailed circuit diagram of the data the control of the binary image processor 2. 

processing unit 200 comprising a binary image determining The memory 16 for respond j ng t0 the control of CPU 8 

unit 36 and a data output unit 40 as shown in FIG. 2; stofes a voUage peak yalue of the imagC) a thrcsho i d valuc 

FTGS. 10A-10C illustrate waveform diagrams of the for determining the black or white value of each pixel of an 

shading factor DMA (direct memory access) generator 32 as 5Q image and a shading factor value for the shading correction, 

shown in FIG. 2; elc j n order to effectively store the voltage peak value of the 

FIGS. 11 A-11L illustrate waveform diagrams of the shad- shading correction as a white reference in the memory 16 of 

ing correction controller 22 and the edge emphasis controller the present invention, circuits for storing and reproducing 

24 as shown in FIG. 2; shading correction reference image data as disclosed in the 

FIGS. 12A-12K illustrate detailed waveform diagrams of S5 Korean Patent Application Nos. 91-8546 and 91-12829 

the operation unit 20 as shown in FIG. 2; assigned to the same assignee of the present invention are 

FIGS. 13A, 13B and 13C are diagrams illustrating a incorporated by reference herein, 

degree of edge emphasis of the edge emphasis mask unit, in Specifically, the Korean Patent Application No. 91-8546 

which FIG. 13A shows a case where the edge emphasis is filed on May 25, 1991 discloses a circuit for storing and 

performed to a large extent, in which FIG. 13B shows a case 60 reproducing shading correction reference image data 

where the edge emphasis is performed to a small extent, and wherein a range of variable amount of white reference image 

in which FIG. 13C shows pixel brightness values in case that data is adjusted to a proper level, and the white reference 

the edge emphasis is not performed, the edge emphasis is image data is stored and then sequentially reproduced by 

performed to a large extent, and the edge emphasis is pixels. The advantage of this circuit is that the size of a 

performed to a small extent. es random access memory (RAM) can be reduced and the chip 

FIGS. 14A—14C illustrate waveform diagrams of the shot can be constructed in a compact manner. Similarly, the 

pulse generator 64 as shown in FIG. 3. Korean Patent Application No. 91-12829 filed on Jul. 25, 
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1991 discloses a circuit for performing shading correction outputted from the signal controller 14. Upon reception of an 

by storing the shading correction reference data in a system automatic gain control enable signal AGC and a half-tone 

memory wherein the image data is stored in the system mode signal HFT, a voltage peak controller 34 compares a 

memory by an usable address bus and data bus for subse- voltage peak value VP stored in the memory 16 with the 

quent shading correction. The advantage of this circuit is 5 digital signal ADC outputted from the ADC 6 and then 

that additional RAM is not required for storing the shading generates a new voltage peak value VP adapted to the 

correction reference data. These circuits may be used to present document to be stored in the memory 16. 

store voltage peak value of shading correction in the A threshold generator 35 generates, as the threshold value 

memory 16 of the present invention. DT stored in the memory 16 under the control of the CPU 

Hie DMA controller 12 interfaces with the binary image 1Q 8, a new threshold value THR for the given pixel determined 

processor 2 for transmitting and receiving a DMA signal for by a pixel clock CKPX and a line clock CKLN generated by 

shading correction, the shading factor value and control the signal controller 14. A binary image determining unit 36 

signals corresponding to a transmission mode. In order to compares the threshold value THR outputted from the 

control the binarization of the image data, the signal con- threshold generator 35 with a data value EP outputted from 

troller 14 generates a signal source to the binary image 15 the edge emphasis post -processing unit 28 in order to 

processor 2 through the 1/0 interface 10 under the control of determine the image data of a document as the binary data 

the CPU 8. corresponding to the black and white values of each pixel. 

A construction and operation of the binary image proces- la order to effectively control the data output, the data output 

sor 2 for executing the binarization process of the image data controller 38 as constructed in accordance with the prin- 

will now be described in detail with reference to FIG. 2. The 20 ciples of the present invention receives the shading correc- 

binary image processor 2 as constructed in accordance with tion signal SHE outputted from the shading correction 

the principles of the invention comprises a threshold gen- controller 22 and the edge emphasis signal EGE outputted 

erator 35 interfaced with the I/O interface 10, a shading from the edge emphasis controller 24, and generates a latch 

factor DMA generator 32 and an edge emphasis mask unit clock LHCK in response to a data selecting signal DSS 

30 linked with the DMA controller 12, a shading correction 25 supplied from the signal controller 14 under the control of 

and edge emphasis processing unit 100 comprising an the CPU 8. A data output unit 40 then outputs binary image 

operation unit 20, a shading correction controller 22 and an data determined by the binary image determining unit 36 in 

edge emphasis controller 24, a data output controller 38, a accordance with the latch clock LHCK supplied from the 

voltage peak controller 34, a shading correction post- data output controller 38 either to the DMA controller 12 

processing unit 26 and an edge emphasis post-processing 30 when a mode selection signal T/C represents a transmission 

unit 28 connected to the shading correction and edge empha- mode, or alternatively, to the TPH 18 when the mode 

sis processing unit 100, and a data processing unit 200 selection signal T/C represents a copy mode, 

comprising a binary image determining unit 36 and a data The CPU 8 as shown in FIG. 1 controls the signal 

output unit 40 for outputting binary image exhibiting high controller 14 to generate the pixel and line clocks CKPX and 

resolution. 35 CKLN to the threshold generator 35 via the I/O interface 10, 

Referring to FIG. 2, an operation unit 20 receives a digital so that the threshold generator 35 could generate the thresh- 

signal ADC outputted from the ADC 6, a shading factor by old value DT stored for each respective pixel in the memory 

the DMA and a local mask signal LMK by which a given 16. The CPU 8 also controls the generation of the automatic 

pixel is determined as an edge emphasis local mask for the gain control enable signals AGC and the half-tone mode 

edge emphasis. The operation unit 20 then executes the 40 & ig nal HFT to the voltage peak controller 34 via the I/O 

shading correction and the edge emphasis in response to a interface 10 so that the voltage peak controller 34 could 

given shading correction signal and a given edge emphasis compare the voltage peak value VP stored in the memory 16 

signal. A shading correction controller 22 generates the with the digital signal ADC and produce a new voltage peak 

shading correction signal SHE to the operation unit 20 under value VP for each corresponding pixel of the digital signal 

the control of CPU 8 so that the operation unit 20 can 45 ADC to be stored in the memory 16. 

perform the shading correction. An edge emphasis controller Operations of the shading factor DMA generator 32 will 

24 generates the edge emphasis signal EGE to the operation now be described in detail with reference to FIGS. 2 and 

unit 20 under the control of the CPU 8 so that the operation 10A-10C. FIGS. 10A-10C illustrate waveform diagram of 

unit 20 can perform the edge emphasis. The shading cor- the input/output signals of the shading factor DMA genera- 

rection controller 22 and the edge emphasis controller 24 50 tor 32. In FIGS. 10a, the input CKPX is a pixel clock 

respectively output the shading correction signal SHE and outputted from the signal controller 14 through the I/O 

the edge emphasis signal EGE to a data output controller 38 interface 10 under the control of the CPU 8 so that the given 

for controlling binary image output after the shading is image data could be processed by each pixel unit. The output 

corrected and the edge portion is emphasized. A shading SDRQ as shown in FIG. 10B is a shading factor DMA 

correction post-processing unit 26 and an edge emphasis 55 requiring signal outputted from the shading factor DMA 

post-processing unit 28 process output data RGO from the generator 32, and the input SDACK as shown in FIG. 10C 

operation unit 20 by a given unit of binary bits, and generate is a shading factor DMA recognizing signal outputted from 

processed data SP and EP, respectively. the DMA controller 12 in response to the shading factor 

An edge emphasis mask unit 30 masks the data SP DMA requiring signal, 

processed in the shading correction post-processing unit 26 60 Referring now to the waveform diagram of FIGS, 

by a given unit of pixels so as to emphasize the given pixel 10A-10C, the shading factor DMA generator 32 outputs the 

of the document image, and then produces the masked edge shading factor DMA requiring signal SDRQ exhibiting an 

emphasis data LMK to the operation unit 20 where the edge active "high" state to the DMA controller 12 in response to 

emphasis can be performed. A shading factor DMA genera- reception of a leading edge of the pixel clock CKPX. The 

tor 32 transmits and receives DMA control signals SDRQ 65 DMA controller 12 then outputs the shading factor DMA 

and SDACK to and from the DMA controller 12 used for recognizing signal SDACK exhibiting an active "low" state 

loading the shading factor in response to a pixel clock CKPX to the shading factor DMA generator 32 in response to the 
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shading factor DMA requiring signal SDRQ exhibiting an generator 62 receives the shading factor SF stored in the 

active "high" state. Then, the shading factor DMA generator memory 16 under the control of DMA controller 12, and 

32 changes the shading factor DMA requiring signal SDRQ generates a shading factor control signal SFO in, response to 
to a logic "low" state in response to the shading factor DMA the pixel clock CKPX and a clock CLK. The shading factor 
recognizing signal SDACK When the shading factor DMA 5 SF has values in the range from 1.0 to 2.0 as a real number 

recognizing signal SDACK is in an active "high" state, the value, wherein 1.0 is equal to '80'H (Hexa) and 2.0 is equal 

DMA controller 12 reads the shading factor value stored in to 'FF'H. FIG. 12C illustrates a waveform in which the 

the memory 16. During the time when the shading factor shading factor control signal SFO has the real number value 

DMA recognizing signal SDACK is in an active "low 55 state, of 1.1, namely '80'H. When '80 J H is calculated as the real 

the DMA controller 12 loads the shading factor value SF 10 number value, it is given by an expression of: 
stored in memory 16 to in a shading factor generator 62 of 

the binary image processor 2 (not shown in FIG. 2, but is 1 , 1 , 1 , 1 „ y j 

shown in FIG. 3). The shading factor SF is a value for 16 32 128 
shading correction correcting image distortion occurring in 

the image sensor 4, and is stored in the memory 16 to meet 15 The shot pulse generator 64 receives the shading correc- 

the characteristics of the image sensor 4. tion signal SHE outputted from the shading correction 

The operation unit 20 of FIG. 2 performs the shading controller 22, and then generates a shot pulse signal SHOT 

correction and the edge emphasis of image data upon as shown in FIG. 14C in response to the clock as shown in 

reception of the digital signal ADC outputted from the ADC FIG. 14A through the I/O interface 10. An input and output 

6 and the local mask signal LMK outputted from the edge 2 n waveform diagram of the shot pulse generator 64 is shown 

emphasis mask unit 30. The operation unit 20 operates as a in FIGS. 14B and 14C. The shot pulse signal SHOT is AND 

multiplier when the image shading is corrected in response gated with the pixel clock CKPX, so as to control operation 

to the shading correction signal SHE outputted from the of the first and second input registers 52 and 54 of the 

shading correction controller 22, and operates as a multi- operation unit 20. 

term adder when the edge emphasis is performed in response 25 The shading correction controller 22 as shown in FIG. 2 

to the edge emphasis signal outputted from the edge empha- generates the shading correction signal SHE in response to 

sis controller 24. the clock CLK and the pixel clock CKPX inverted by an 

FIG. 3 illustrates a detailed circuit diagram of the shading inverter 66 so that the operation unit 20 could perform the 

correction and edge emphasis processing unit 100 that shading correction. The edge emphasis controller 24 gener- 

comprises the operation unit 20, the shading correction 30 ate s an edge emphasis signal EGE and a term selecting 

controller 22 and the edge emphasis controller 24 as con- signal TMS so that the operation unit 20 could perform the 

structed in accordance with the principles of the present operation of edge emphasis. 

invention. The shading correction controller 22 and the edge A number of logic gates 63, 120, 122, 124, 126, 130 and 
emphasis controller 24 are part of the operation control 132 perform logic gating operations for signals outputted 
signal generator 51 for generating first to forth operation 35 from the shading factor generator 62, the shading correction 
control signals so as to control the operation unit 20 to controller 22, the edge emphasis controller 24 and the shot 
execute the shading correction and the edge emphasis of an pulse generator 64. These logic gates output the first to 
image. As shown in FIG. 3, the operation unit 20 is com- fourth operation control signals to the multiplexer 50, the 
posed of a multiplexer 50 for multiplexing between the local first input register 52, the second input register 54 and the 
mask signal LMK outputted from the edge emphasis mask 40 output register 58 of the operation unit 20. The plurality of 
unit 30 of FIG. 2 and the digital signal ADC outputted from logic gates are constructed as follows, 
the ADC 6 of FIG. 1, and for generating selected data PB in The OR gate 63 logical-ORs the shading factor control 
accordance with the first operation control signal generated signal SFO outputted from the shading factor generator 62 
by the operation control signal generator 51; an operation and the shading correction signal SHE outputted from the 
selector 60 for performing shift of a given bit for the output 45 shading correction controller 22, and then outputs a logical- 
data RGO, and for generating shifted data in response to the ORed result to a control terminal CNT of the first input 
first operation control signal generated by the operation register 52. The AND gate 130 logical-ANDs the shot pulse 
control signal generator 51 so that the operation unit 20 signal SHOT outputted from the shot pulse generator 64 and 
could operate either as a multi-term adder for edge the pixel clock CKPX inverted by the inverter 66, and th en 
emphasis, or as a multiplier for shading correction; a first 50 outputs a logical-ANDed result to clear terminals CLR of 
input register 52 for temporarily storing data PA outputted the first input register 52 and the second input register 54. 
from the operation selector 60 in accordance with a second The AND gate 132 logical-ANDs the shading correction 
operation control signal generated by the operation control signal SHE outputted from the shading correction controller 
signal generator 51; a second input register 54 for tempo- 22 and the logical-ANDed result outputted from the AND 
rarily storing data PB selected and outputted from the 55 gate 130, and then outputs a logical-ANDed result to an 
multiplexer 50 in accordance with the third operation control input terminal of the edge emphasis controller 24. A signal 
signal generated by the operation control signal generator inputted to the input terminal IN of the shot pulse generator 
51; an adder 56 for adding up the data stored temporarily in 64 is the shading correction signal SHE as shown in FIG. 
the first and second input registers 52 and 54; and an output 14B. The AND gate 120 logical-ANDs an inverted of the 
register 58 for temporarily storing the data added by the 60 shading correction signal SHE outputted from the shading 
adder 56, and for outputting the data RGO in accordance correction controller 22 and the shading factor control signal 
with the fourth operation control signal generated by the SFO outputted from the shading factor generator 62, then 
operation control signal generator 51. outputs a logical-ANDed result. The AND gate 122 logical- 
The operation control signal generator 51 is composed of ANDs the shading correction signal SHE outputted from the 
a shading factor generator 62, a shot pulse generator 64, a 65 shading correction controller 22 and an inverted of the edge 
shading correction controller 22, an edge emphasis control- emphasis signal EGE outputted from the edge emphasis 
ler 24, and a plurality of logic gates. The shading factor controller 24, and then outputs a logical-ANDed result 
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thereof. The OR gate 124 logical-ORs the outputs of the one-by-one selects one weighting factor value from a plu- 

AND gate 120 and the AND gate 122, and then outputs a rality of weighting factor values for the edge emphasis. 

logical-ORed result thereof. The AND gate 126 then logical- FIGS. 11A-D illustrate waveform diagrams of the shad- 

ANDs the logical-ANDed result outputted from the OR gate ing correction controller 22 as shown in FIG. 4 and the edge 

124 and the pixel clock CKPX inverted by the inverter 66, 5 emphasis controller 24 as shown in FIG. 5. As shown in 

and applies the logical-ORed result to a clock terminal CLK FIGS. 11A-11B, when the pixel clock CKPX is charged to 

of the output register 58 of the operation unit 20. the active "low" state, the shading correction signal SHE of 

FIG. 4 illustrates a detailed circuit diagram of the shading FIG. 11C goes to the active "low" state and maintains in the 

correction controller 22 as comprising a counter 70 for active "low" state while the counter 70 of the shading 

counting a predetermined counting value (a binary digit 30 correction controller 22 counts till the predetermined count - 

"1000") in response to a given clock CLK applied to its ing value, namely till the binary digit value "1000". The 

clock terminal, and an AND gate 72 for logically combining edge emphasis signal EGE of FIG. 11D goes to the active 

the output of the counter 70 and the clock CLK and applying state in response to the output of AND gate 132, and 

the logical-ANDed result to the clock terminal of the counter maintains in the active "low 1 * state while the counter 82 of 

70, 15 the edge emphasis controller 24 counts till the predeter- 

Ref erring to FIG. 4, operation of the shading correction mined counting value, namely the binary digit value "100". 

controller 22 is described in detail as follows. The pixel When the shading correction signal SHE is in the logic 

clock CKPX inverted through the inverter 66 as shown in "low" state, the operation unit 20 performs the shading 

FIG. 3 is applied to line 74 connected to a preset terminal correction. When the edge emphasis signal EGE is in the 

Id of the counter 70. The AND gate 72 logical- ANDs the 2 o lo 6 ic "l ow " state > me operation unit 20 performs the edge 

clock CLK and a signal inverted from the output signal of emphasis of an image. 

the counter 70, and then applies the logical-ANDed result to Returning to FIG. 3, the operation of the operation unit 20 

the clock terminal. Accordingly, the counter 70 is then preset is described in detail by reference to waveform diagram of 

by the inverted pixel clock CKPX, and counts the pulses up FIGS. 12A-12K as follows. FIGS. 12A-12K illustrates the 

to the predetermined count value (the binary digit "1000") in 25 waveform diagram of various input/output signals when the 

response to the logical-ANDed result outputted from the operation unit 20 performs the shading correction. 

AND gate 72. While the counter 70 counts, the output signal The digital signal ADC corresponding to the document 

of the counter 70, namely the shading control signal SHE, is image and outputted from the ADC 6, is inputted to an input 

in the active "low" state. The shading control signal SHE is terminal B of the multiplexer 50. The local mask signal 

then supplied to an input terminal of the operation selector 30 LMK outputted from the edge emphasis mask unit 30 is 

60, the AND gate 120 and a selecting terminal S of the inputted to an input terminal A of the multiplexer 50. The 

multiplexer 50 as shown in FIG. 3, and the data output digital signal ADC could be 6 bits or 8 bits data. Here 

controller 38 as shown in FIG. 2. however, it is assumed that the digital signal ADC is 6 bits 

FIG. 5 illustrates a detailed circuit diagram of the edge data and has '26'H value. Accordingly, the multiplexer 50 
emphasis controller 24 as comprising a counter 82 for 35 selectively transmits either the digital signal ADC or the 
counting a predetermined counting value (the binary digit local mask signal LMK inputted to the input terminals A and 
"100") in response to the given clock CLK applied to the B in response to the shading correction signal SHE outputted 
clock terminal, and an AND gate 84 for logical- ANDing the from the shading correction controller 22. When the shading 
output of the counter 82 and the clock CLK and applying the correction signal SHE is in the logic "low" state, the 
logical-ANDed result to the clock terminal of the counter 82. 40 multiplexer 50 selects the digital signal ADC from the input 
The circuit construction of the edge emphasis controller 24 terminal B for transmission. When the shading correction 
as shown in FIG. 5 is similar to that of the shading correction signal SHE is in the logic "high" state however, the multi- 
controller 22 as shown in FIG. 4. plexer 50 selects the local mask signal LMK from the input 

Referring to FIG. 5, the operation of the edge emphasis terminal A for transmission. The selected signal is then 

controller 24 will be described in detail as follows. The 45 applied to the second input register 54. During a shading 

signal outputted from the AND gate 132 as shown in FIG. correction period when the shading correction signal SHE is 

3 is applied to line 86 connected to a preset terminal Fd of in the logic "low" state, the value '26 J H of the digital signal 

the counter 82. The AND gate 84 logical-ANDs the clock ADC becomes the value of the data PB. 

CLK and an inverted of the edge emphasis signal EGE Meanwhile, the operation selector 60 shifts by the given 

generated from the counter 82, and then applies the logical- 50 bit or does not shift the data RGO outputted from the output 

ANDed result to the clock terminal of the counter 82. The register 58, in response to a logic state of the shading 

counter 82 is then preset by the signal outputted from the correction signal SHE outputted from the shading correction 

AND gate 132 as shown in FIG. 3, and after that, counts till controller 22. In case that the operation selector 60 shifts the 

the predetermined count value (the binary digit "100") in data RGO, the operation unit 20 operates as a multiplier for 

response to the output of the AND gate 84 applied to the 55 the shading correction and the shading correction signal 

clock terminal. While the counter 82 counts, the output SHE received is in the logic "low*' state. However, in case 

signal of the counter 82, namely the edge emphasis signal that the operation selector 60 does not shift the data RGO, 

EGE, is in the active "low" state. The edge emphasis signal the operation unit 20 operates as an adder for the edge 

EGE is applied to the AND gate 122 of the operation control emphasis and the shading correction signal SHE received is 

signal generator 51 as shown in FIG. 3 and to the data output 60 in the logic "high" state. The operation selector 60 can be 

controller 38 of the operation unit 20 as shown in FIG. 2. embodied as a shift register, and if it is embodied as the shift 

When the counter 82 finishes counting upon achieving the register, a right shift, 1 bit by 1 bit, is performed when the 

predetermined count value (the binary digit "100"), the shading correction signal SHE is in the logic "low" state, 

counter 82 outputs the term selecting signal TMS to the namely during the shading correction period. It can be 

selecting terminal S2 of the edge emphasis mask unit 30 as 65 appreciated that during the shading correction period, the 

shown in FIG. 2. In response to application of the term value of 1 bit right shift by the operation selector 60 is 

selecting signal TMS, the edge emphasis mask unit 30 '13'H, '09'H, '17 J H and 'lE'H. 
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The first input register 52 receives the data PA represent- data value of shading correct result, such that the data ROG 

ing that the data RGO is shifted or is not shifted in the could Dot exceed a pre limited value. For example, if the 

operation selector 60 and the latch control signal LCNT via operation unit 20 outputs the data RGO of 8 bits, the shading 

a control terminal CNT. The latch control signal is generated correction post-processing unit 26 limits the data to data of 

from the OR gate 63 by logically combining the shading 5 6 bits. Such limitation is made to discard of the more 

factor control signal SFO outputted from the shading factor *]&>^* bite 0Ut ?[ * e d f ° f 8 , bitS ' ^ 

generator 62 and the shading correction signal SHE output- data RGO has a unit of 8 bits, the data has values of decimal 

fed from the shading correction controller 22. When this ***** ^ * he data RGOoutpu ^^thc^ratoa 

w u , i • 1 fpuT • • w„ unit 20 has the value over the decimal digit 63, namely over 

latch contro i signal LCNT is in the logic hig£ state the & post . proce ^ ing ^ 26 limits 

result data RGO of the operation selector 60 ^ is latched io ^ data to ^ vato 63 of ^ ^ 

unchanged But, when this latch control signal LCNT is in then qu ^ ya]ue ^ bi ^ ^ SP processed 

the logic "low" state, the latched result data is right shifted * ^ unit 26 fc { Ued 

1 bit by 1 bit m response to the clock signal CLK applied to J (he ^ ^ ^ 3Q after ^ shading cQrrec , 

the clock terminal. tion ^ ^ |he edge emphasis for the given pixel can ^ 

Also, the second input regist er 54 receives an initiating 15 per f orme d. 

pulse signal via a clear terminal CLR and begins to register ]n case (he data yalue processed for the edge empha . 

the selected signal PB outputted from the multiplexer 50. sis k ^ operation unit 2 n exceeds the prelimited value, the 

The initiating pulse signal is the logical-ANDed result from edge emphasis po st-processing unit 28 as a logic circuit 

the AND gate 130 that logically combines the shot pulse i imits the exceeding data value to the prelimited value. Also 

signal SHOT outputted from th e shot pulse generator 64 and 20 ^ ^ correction postprocessing unit 26 performs the 

an inverted pixel clock CKPX. This initiating pulse signal is same operation as described aboV e. 

applied not only to the clear terminal CLRof the first input ^ ^ q{ ^ data RGQ ted when ^ t[oa 

register 52 but also to the clear terminal CER of the second ^ ^ ^ as ^ multi . term adder fof ^ ed 

input register 54, and then initiates the data latched in the ^ ^ a ra f ^ _ 63 tQ ^ if the data 

second input register B 54. 25 ^ of g ^ from ±e opciaiion ^ 20 is 

As shown in FIGS. 13A-13C, it can be appreciated that sma ller than the decimal digit 0, the edge emphasis post- 
the data PA and PB are initialized as '00'H upon reception processing unit 28 limits the data value to the decimal digit 
of the initiating pulse signal of AND gate 130. The 1 bit right q jf lhe data va i ue is larger than the decimal digit 63, the 
shift by the latch control signal LCNT and the operation ^ edgc emphasis post-processing unit 28 limits the data value 
selector 60 is generated only during the shading correction to the decimal d i g i t 63. That is, the range of a pixel 
operation, namely only when the operation unit 20 operates brightness data value outputted from the edge emphasis 
as the multiplier. The 1 bit right shift operation of the post-processing unit 28 is from 0 to 63. The binary image 
operation selector 60 is to obtain only 8 bits, and not 14 bits data E p processe d in the edge emphasis post-processing unit 
as a calculating result of 6 bitsx8 bits, and to discard 1 bit ^ 2 $ is inputted to the binary image determining unit 36. 
of the least significant bit LSB generated after multiplying 1 ^ detailed constrU ction and operation of the edge 
bit by 1 bit. The reason why the 1 bit right shift operation has emphasis mask umt 30 will be described in detail with 
only 8 bits is that the number of assembling circuits is re f ere nce to FIG. 6. As shown in FIG. 6, the edge emphasis 
reduced since an 8 bits adder can be changed in a 14 bits mask un[i 30 stores the brigntness of three pixels of binary 
adder, and the operation unit 20 should finally discard 6 bits ^ image data sp outputted from the shading correction post- 
even if the shift operation has the result of 14 bits. The 1 bit processing unit 2 6 in registers 140, 142 and 144 in response 
right shift of latch control signal LCNT is to perform the tQ the shading correct i 0 n signal SHE in order to perform the 
above-described function m case that the multiplied bit is edge emphasis ^ edge emp hasis mask unit 30 selects a 
"Q"' control degree of the edge emphasis in response to an edge 

Accordingly, the adder 56 adds the data outputted from 45 emphasis control signal STG provided from the I/O interface 

the first and second input registers 52 and 54 till the 10. Also, the edge emphasis maskunit 30 represents a circuit 

initiating pulse signal is applied thereto. The output register un ^ f or prov iding the pixel brightness value corresponding 

58 latches and outputs the data added by the adder 56 in t0 me term selecting signal TMS provided from the edge 

response to the fourth operation control signal of operation emphasis controller 24. 

control signal generator 51, namely a clock ADCK outputted 5Q pIG. 6 illustrates a detailed circuit diagram of the edge 

from the AND gate 126. In case that the output clock ADCK emphasis mask unit 30 as comprising three registers 140, 

is in the logic "high" state, the output of the output register 142 and 144 f or mas king the inputted binary image data SP 

58 is latched. The data RGO outputted from the output and for storing the g i ven p } xe l brightness value so as to 

register 58 is applied to the operation selector 60 for the pro duce the edge emphasis of the binary image data; first, 

shading correction or for the edge emphasis, and also is 55 second aild tDU -d multiplexers 146, 148 and 150 connected 

respectively applied to the shading correction post- respectively to output terminals of three registers 140, 142 

processing unit 26 and the edge emphasis post-processing and 144; and a fourth multiplexer 152 whose four input 

unit 28. When the shading correction is performed, the data terminals are respectively connected to the first, second and 

RGO is corrected in the shading as value of PA+ADC third mu itipl eX ers 146, 148 and 150, and to C (center) 

- RGO, that is, <00'H+'26'H - '26'H, WH+'6 J H 6Q register 142 . 

- |2FH, 'll'H+'ie'H - '3D'H and <03 J H+'26 J H FIGS 13A and 13B illustrate weighting factor values 

- corresponding to different degrees of the edge emphasis in 
Returning now to FIG. 2, operations of the shading me edge emphasis mask unit 30. Specifically, FIG. 13A 

correction post-processing unit 26 and the edge emphasis shows the weighting factor values when the edge emphasis 

post-processing unit 28 are described as follows. 65 {5 performed to a large extent, and the weighting factor 

The shading correction post-processing unit 26 limits the values are selected when the edge emphasis control signal 

data RGO outputted from the operation unit 20, namely the STG is equal to "0". FIG. 13B shows the weighting factor 
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values when the edge emphasis is performed to a small 
extent, and the weighting factor values are selected when the 
edge emphasis control signal STG is equal to "1". FIG. 13C 
shows the data value of the local mask signal LMK output- 
ted from the edge emphasis mask unit 30, which represents 
the edge emphasized pixel brightness value by the weighting 
factor value shown FIG. 13A. 

The operation of edge emphasis mask unit 30 will be 
described more in detail with reference to FIGS. 6, 13 A, 13B 
and 13C L(left) register 140, C (center) register 142 and R 
(right) register 144 are of 6 bits registers. Output lines of the 
L and R registers 140 and 144 are connected to respective 
input terminals A of the first and third multiplexers 146 and 
150 so that the 1 bit right shift can be performed. The output 
lines of the L and R registers 140 and 144 are also connected 
to respective input terminals B of the first and third multi- 
plexers 146 and 150 so that the 2 bits right shift is per- 
formed. An output line of the C register 142 is connected to 
an input terminal A of the second multiplexer 148 without 
the bit shift, and is also connected to an input terminal B so 
that the 1 bit right shift can be performed. The following 
shows the connection between the output terminals Q s to Q 0 
of the registers 140, 142 and 144, and the input terminals A 5 
to Aq and B 3 to B 0 of the first, second and third multiplexers 
146, 148 and 150. 



Output Terminals Q of L 
and R registers (140, 144): 


(MSB) 

Qs 

1 


04 

/ 


Q3 
/ 


Q2 
/ 


Qi 

/ 


(LSB) 
GND 

/ 


[nput Terminals A of 

First and Third Multiplexers 

(146, 150): 


A, 

(MSB) 


A3 


A 2 


A x 


Ao 


A 5 
(LSB) 


Output Terminals Q of L 
and R registers (140, 144): 


(MSB) 

Qs 

f 


Q 4 

/ 


Q3 

/ 


Q2 

I 


GND 

/ 


(LSB) 
GND 

/ 


Input Terminals B of 

First and Third Multiplexers 

(146, 150): 


B 3 
(MSB) 


B 2 


Bi 


B 0 


B 6 


B s 
(LSB) 


Output Terminals Q of C 
and R registers 142: 


(MSB) 

Q 5 
1 


Q 4 
I 


Q3 
1 


Q2 
1 


Qi 

1 


(LSB) 
Qo 

1 


Input Terminals A of 
Second Multiplexer 148: 


A 5 
(MSB) 




A3 


A 2 


A, 


A 0 
(LSB) 


Output Terminals Q of C 
R registers 142: 


(MSB) 
1 


Q4 
1 


Q3 
1 


Q 2 

1 


Qi 
1 


(LSB) 
GND 

1 


[nput Terminals B of 
Second Multiplexer 148: 


B 4 
(MSB) 


B 3 


B 2 




B 0 


(LSB) 



Outputs of the first and third multiplexers 146 and 150 are 
inverted to be applied to input terminals of the fourth 
multiplexer 152. An output of the second multiplexer 148 is 
directly applied to the fourth multiplexer 152. Also, the 
output terminals Q (Q 5 to Q 0 ) of C register 142 and the input 
terminals B (B 5 to B 0 ) of the fourth multiplexer 152, are 
connected as follows. 
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5 





(MSB) 


(LSB) 


Output Terminals Q of C 


Qs Q4 Q 3 Q 2 Qi 


Qo 


and R register 142: 


lilt! 


1 


Input Terminals A of 


B5 B 4 B 3 B2 B t 


B 0 


First and Third Multiplexers 






152 








(MSB) 


(LSB) 



By such construction of the edge emphasis mask unit 30, 
the weighting factor values shown in FIGS. 13Aand 13B are 
produced. 

15 The initial voltage of the L register 140, C register 142 
and R register 144 are determined as the decimal digit 63, 
and the data latched by a clocking of the shading correction 
signal SHE is applied to the registers 140, 142 and 144 
connected to the output terminals and to the input terminals 

20 A and B of the first, second and third multiplexers 146, 148 
and 150. The data which is applied to the first multiplexer 
146 by L register 140 can be understood more easily by the 
following embodiment. If the output of register 140 is 
"110001", the value applied to the input terminal A of first 

25 multiplexer 146 becomes "011000", and the value applied to 
the input terminal B of first multiplexer 146 becomes 
"001000". 

It should be noted that the C register 142 and R register 
144 operate similar to the above embodiment in accordance 

30 with the line connection thereof. When the edge emphasis 
control signal STG is "0", the first, second and third mul- 
tiplexers 146, 148 and 150 select the input terminal A. When 
the edge emphasis signal control STG is "1", however, the 
first, second and third multiplexers 146, 148 and 150 select 

35 the input terminal B. 

The output of first multiplexer 146 is inverted and applied 
to the input terminal A of fourth multiplexer 152. The output 
of second multiplexer 148 is applied to the input terminal C 
of fourth multiplexer 152. The output of third multiplexer 

40 150 is inverted and applied to the input terminal D of fourth 
multiplexer 152. The output of C register 142 is applied to 
the input terminal B of fourth multiplexer 152. Accordingly, 
the fourth multiplexer 152 selects the data applied to the 
input terminals A, B, C and D in a sequential order, in 

45 response to the term selecting signal TMS of the edge 
emphasis controller 24 informing that an edge emphasis 
count is completed for each of the given pixel. Then the 
fourth multiplexer 152 outputs the data to the input terminal 
A of multiplexer 50 in the operation unit 20 shown in FIG. 

50 3 

When the weighting factor values of FIG. 13A, namely 
L:C:R is equal to -0.5:2: -0.5, the edge emphasis performed 
in the edge emphasis mask unit 30 is described with refer- 
55 ence to FIG. 13C. When the value inputted to the edge 
emphasis mask unit 30 becomes pixels at b to f on line 400, 
the edge emphasized result value, namely the pixels at b to 
f on a line 402, is as below. 



fi 0 Result value: b = 20 — a b c MASKING 

c « -10+40-12.5 - 17 —bed MASKING 
d - -10+50-15 - 25 — c d e MASKING 

e = -12.5+60-15 - 32 -* d e f MASKING 
f = 30 -» e f g MASKING 

65 

In view of the above result value of the edge emphasis, it 
can be appreciated that the level of pixel at c goes down in 
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comparison with the inputted value, and the level of pixel at 
e goes up in comparison with the inputted value. This clearly 
shows that the edge emphasis is performed on the image 
data. 

After the local mask signal LMK is masked and empha- 
sized in the edge emphasis mask unit 30, and when this 
signal is applied to the operation unit 20, operation of the 
operation unit 20 will be described with reference to the 
waveform of FIGS, 12A-12K as follows. If a central pixel 
value C of the edge emphasis mask unit 30 is '29' H, right 
and left pixels L and R become 'EB'H. That is, L=R~-0.5x 
C— (0010100[1])=- (00010100)~11101011«'EB J H, which 
[1] is 1 bit right shift. During the edge emphasis period as 
shown in FIGS. 12A-12K, the first and second input regis- 
ters 52 and 54 are initiated by the output of AND gate 130 
as shown in FIG. 3, and the outputs thereof are initiated with 
a value of ( 00'H. After that, the output of the second input 
register 54 has a value of 'EB'H, '29'H and 'EB'H, and the 
output of first input register 52 has a value of 'EB'H, '14'H 
and *3D'H. 

The output data RGO (PA+PB - RGO) is emphasized in 
the edge with the values of 'OO'H+'OO'H - 'OO'H, WH+ 
'EB'H ^ 'EB'H, <EB'H+'29'H - *14'H, '14'H+'29'H 
- '3D'H and <3D 3 H+'EB'H-> <28'H. The output value 
RGO responds to the clock signal ADCK outputted from 
AND gate 126 of the operation control signal generator 51. 
The result value of edge emphasis of operation unit 20 has 
the range of -63 to +126 and the values of output data RGO 
are all included in the range. 

When the weighting factor values L:C:R are equal to 
-0.5:2: -0.5, and if the local mask signal LMK outputted 
from the edge emphasis mask unit 30 is '0% '63* and '0' as 
the real number value, the output result of operation unit 20 
becomes 126. When the weighting factor values L:C;R are 
equal to -0.5:2:-0.5, and if the local mask signal LMK 
outputted from the edge emphasis mask unit 30 is '63', '0' 
and '63* as the real number value, the output result of 
operation unit 20 becomes -63. 

The following describes the voltage peak controller 34 for 
controlling the voltage peak of the binary image in detail. 
The CPU 8 updates the voltage peak value VP stored in a 
voltage peak register of the memory 16 under the control of 
the voltage peak controller 34. FIG. 7 illustrates a detailed 
circuit diagram of the voltage peak controller 34 as com- 
prising a counter 256 preset by the line clock CKLN 
outputted from the signal controller 14 of FIG. 1 through the 
I/O interface 10, for counting the voltage peak value VP of 
line unit stored in the memory 16 by the given clock applied 
to the clock terminal and for outputting the voltage peak 
value VP of new line unit; a comparator 250 for comparing 
the voltage peak value VP of line unit outputted from the 
counter 256 and the digital signal ADC of each pixel unit 
outputted from the ADC 6 of FIG. 1; and an AND gate 254 
for logical-ANDing an output of the comparator 250, the 
automatic gain control enable signal AGC outputted through 
the I/O interface 10, and the half-tone mode signal HFT for 
processing the half-tone due to excess of the automatic 
control of the voltage peak in the half-tone process to 
produce a logical-ANDed result to a clock terminal of 
counter 256. 

The comparator 250 again receives the voltage peak value 
VP counted in the counter 256 and compares the voltage 
peak value VP received with the digital signal ADC for each 
pixel unit. When the digital signal value ADC is larger than 
the voltage peak value VP counted in the counter 256, the 
comparator 250 outputs the value of "1". The AND gate 254 
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connected between the comparator 250 and the clock ter- 
minal of counter 256 has three input terminals so as to 
receive the automatic gain control enable signal AGC cor- 
responding to the automatic gain control, the half-tone mode 
signal HFT corresponding to the half-tone process inverted 
by an inverter 252, and the output of comparator 250. Since 
an output line of the AND gate 254 is connected to the clock 
terminal of counter 256, when the logic operation value of 
AND gate 254 becomes "1", the counter 256 counts so that 
the voltage peak value VP can be increased by "V. If the 
binary logic state outputted from the AND gate 254 is "0", 
the counter 256 maintains the voltage peak value VP of an 
input state. The counter 256 receives the line clock CKLN 
and a reset signal CLR from the I/O interface 10. Therefore, 
the counter 256 is preset by the line clock CKLN and reset 
by the reset signal CLR. That is, the voltage peak value VP 
is controlled by the voltage peak controller 34 when the 
automatic gain control is in an enable state, namely, when 
the value of AGC is "1". The voltage peak value VP 
outputted from the voltage peak controller 34 is then 
updated in the voltage peak register of memory 16 through 
the I/O interface 10. Accordingly, the adaptive voltage peak 
value control in the voltage peak controller 34 has an 
advantage in that the document image can be reproduced 
more precisely. 

The following describes a construction and operation of 
the threshold generator 35 shown in FIG. 2 with reference to 
FIGS, 8A and SB. When the binary image processor 2 
processes the half-tone, the threshold generator 35 inputs the 
threshold data value DT with the same value as described the 
following process (1). Also, when the binary image proces- 
sor 2 processes a character text or a line drawing of a 
document, the threshold generator 35 inputs the threshold 
data value DT with the same value as described the follow- 
ing process (2). 

(1) A half-tone process 

In the half-tone process, the threshold generator 35 
receives the threshold data value DT from the data values 
stored in advance in the memory 16. That is, the threshold 
40 generator 35 respectively receives the threshold indexes t 0 to 
t 15 as shown in FIG. 8B. 

(2) A process of text or drawing 

In the process of a line drawing, before the binarization of 
respective lines of the image, the CPU 8 reads the present 
45 voltage peak value VP, and in correspondence with the 
read-out value, the threshold generator 35 reestablishes the 
threshold indexes to t 0 to t is to have the same threshold 
value as each other, that is, to have the threshold value 

50 vp 

8 ' 



At this time, the threshold indexes ^ to t 15 have a range of 
0=to~ti5=32, atlc * v ol^ge peak value VP has a range of 
0^VP^255. Therefore, in the document process, the thresh- 
old generator 35 respectively inputs the same threshold data 
values. 

FIG. 8A illustrates a detailed circuit diagram of the 
threshold generator 35, and FIG. 8B is a diagram illustrating 
a 4x4 threshold matrix embodied by the circuitry of the 
threshold generator 35. Referring to FIG. 8A, the threshold 
generator 35 is composed of four multiplexers 300, 302, 304 
and 306 for receiving the threshold data value DT stored 
previously in the memory 16 by a given line unit in the 
half-tone process, with the threshold data value DT repre- 
sented by threshold indexes tQ-t^ ^-t^, t 8 ~t n and t 12 — t a5 , 
and for selectively generating one of the received threshold 
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indexes in response to a first selection signal; a multiplexer outputs the binary image data either to the TPH 18, or to the 
308 for selecting a signal outputted from the multiplexers DMA controller 12 in response to the latch clock LHCK 
300, 302, 304 and 306, and for generating the threshold outputted from the data output controller 38. The latch clock 
value THR in response to a second selection signal; a first LHCK provided from the data output controller 38 has a 
counter 310 for counting in response to the pixel clock 5 period of hundreds of nanosecond and operates either as a 
CKPX outputted from the signal controller 14 and for copy mode clock for copying the document, or as a trans- 
generating the first selection signal to the selecting terminals mission mode clock for transmitting the document from the 
SI of multiplexers 300, 302, 304 and 306, so as to select a data output unit 40. 

given threshold index of four multiplexers 300, 302, 304 and The data output controller 38 selects either the shading 

306; and a second counter 312 for counting in response to correction signal SHE outputted from the shading correction 

the line clock CKLN outputted from the signal controller 14 controller 22 or the edge emphasis signal EGE outputted 

shown in FIG. 1 and for generating the second selection from the edge emphasis controller 24 in response to the data 

signal, so as to select one output from the four multiplexers selecting signal DSS outputted from the CPU 8 for trans- 

300, 302, 304 and 306. mission as latch clock LHCK so as to enable the data output 

The first counter 310 is counted by the pixel clock CKPX unit 40 to output the binary image data either to the TPH 18 
and is preset by the line clock CKLN inverted by the inverter 15 for printing, or to the DMA controller 12 for transmission to 

314 and applied to a preset terminal 1 d. In order to select another remote binary image processing apparatus or alike 

one output among the outputs of multiplexers 300, 302, 304 for printing. 

and 306, the second counter 312 is connected to the selecting FIG. 9 illustrates a detailed circuit diagram of the data 
terminal S2 of multiplexer 308. The second counter 312 processing unit 200 as comprising the binary image deter- 
counts in response to the line clock CKLN and is reset by the 20 mining unit 36 and the data output unit 40 as shown in FIG, 
reset signal CLR outputted from the signal controller 14 as 2. Referring to FIG. 9, the binary image determining unit 36 
shown in FIG. 1. as shown in FIG. 2 operates as a comparator for comparing 
Referring to the 4x4 threshold matrix of FIG. 8B, the the data EP outputted from the edge emphasis post- 
threshold indexes to to t 15 represent one line unit stored in processing unit 28 with the threshold data THR outputted 
the memory 16. The threshold indexes t 0 to t J5 are divided 25 from the threshold generator 35. The data EP outputted from 
into a vertical threshold index V ldx , and a horizontal thresh- the ed S e emphasis post-processing unit 28 is pixel bright- 
old index H,^. With each threshold index represents a pixel aess data of 6 1 _ blts J after th L e completion of the shading 
unit. A given threshold value ti has a pixel brightness data correction or the edge emphasis after the completion of 

value of 0 to 63, wherein I is an integer and has an value of s f bad ^ T'TZ ' f me ^ reshold 1 d h a ^ ™ R °^ U f, 

0 15 30 fr° m threshold generator 35 is pixel brightness data of 6 

° " A . rtl _ . , , lL , iri bits with the automatic gain control or with a constant value. 

An operation of the threshold generator 35 in the half-tone if the data E | ^ larger than the thrcshold data or 

process willbe described with reference to FIGS. 8Aand 8B & same as the threshold data, the binary image determining 
as follows. The CPU 8 reads the threshold value stored in the unit 36 decides the data as « Q „ (white pixel) If ft ^ notj the 
memory 16 by each line unit and applies the threshold value binary image determining unit 36 decides the binary bit of 
to the threshold generator 35. The threshold indexes ^ to tj 5 35 i mage data ^ «i» (black pixel). Then the binary image 
representing the threshold value for one line unit are divided determining unit 36 outputs the binary image data to the data 
into four groups of threshold indexes to-tj, t 4 ~t 7 , t 8 -t n and output unit 40. 

t 12 -t 15 , and each group is applied to a corresponding on of The data output unit 40 is composed of a serial output unit 
four multiplexers 300, 302, 304 and 306. The first counter 350 for outputting the binary image data outputted from the 
310 is preset by an inverted line clock CKLN through an 40 binary image determining unit 36 to the TPH 18 when the 
inverter 314 and clocked by the pixel clock CKPX to mode selecting signal T/C outputted from the signal con- 
produce a first count value with each count value increased troller 14 represents a copy mode; a parallel output unit 352 
by "1". The four multiplexers 300, 302, 304 and 306 select for outputting the binary image data outputted from the 
the vertical threshold index V Idx of first, second, third and comparator 36 to the DMA controller 12 when the mode 
fourth columns in response to the first count value applied to 45 selecting signal T/C outputted from the signal controller 14 
the selecting terminals SI. The second counter 312 is preset represents a transmission mode; and a delayer 354 for 
by the reset signal CLR and clocked by the line clock CKLN latching a given clock in order to synchronize with the 
to produce a second count value with each count value signals outputted from the serial output unit 350 and from 
increased by "1". The fifth multiplexer 308 selects one of the the parallel output unit 352 so as to produce a delayed latch 
outputs of the four multiplexers 300, 302, 304 and 306 in 50 clock DLHCK. 

response to the second count value applied to the selecting The serial and parallel output units 350 and 352 are 
terminal S2. That is, the fifth multiplexer 308 selects and exclusively activated by the selection of the mode selecting 
outputs the horizontal threshold index U ldx of first, second, signal T/C inputted through the I/O interface. A first clock 
third and fourth rows in regular order in response to the terminals CK1 of the serial and parallel output units 350 and 
second count value applied to the selecting terminal S2. 55 352 are used to latch the output of the binary image 
Threshold data THR outputted from the fifth multiplexer determining unit 36. A second clock terminals CK2 of the 
308 is then inputted to the binary image determining unit 36. serial and parallel output units 350 and 352 are used to 

Re tuning back to FIG. 2, the binary image determining generate a copy mode clock CPCK provided to the TPH 18 
unit 36 as constructed in accordance with the principles of and a transmission requiring signal TRRQ provided to the 
the invention is a comparator or its known equivalents used 60 DMA controller 12. A signal provided to the first clock 
to compares the threshold data THR outputted from the terminals CK1 is the latch clock LHCK outputted from the 
threshold generator 35 with the binary image data EP data output controller 38 as shown in FIG. 2. Thus, it can be 
outputted from the edge emphasis post-processing unit 26 to understood that the latch clock LHCK becomes the shading 
produce binary image data indicative of black or white pixel correction signal SHE and the edge emphasis signal EGE. 
to the data output unit 40. 65 The delayer 354 delays the latch clock LHCK by 200 

Accordingly, the data output unit 40 receives the data nanosecond to produce the delayed latch clock DLHCK to 
outputted from the binary image determining unit 36, and the second clock terminals CK2. 
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Accordingly, the serial output unit 350 or the parallel 
output unit 352 selected by the mode selecting signal T/C 
latches the binary data outputted from the binary image 
determining unit 36 by the latch clock LHCK. Then, the 
serial output unit 350 or the parallel output unit 352, 
operates in the copy mode or in the transmission mode as 
described below. 

In the copy mode, if the mode selecting signal T/C 
represents the copy mode, the serial output unit 350 is 
selected. The serial output unit 350 generates the copy mode 
clock CPCK at every pixel so as to transmit binary data 
CPDT to the TPH 18. The serial output unit 350 activates the 
binary data CPDT and the copy mode clock CPCK in 
response to the latch clock DLHCK delayed by the delayer 
354. 
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binarizing means for using half-tone processing to bina- 
rize each pixel of said processed data on a basis of said 
threshold value and generate binary data representing 
said image. 

2. The binary image processor as claimed in claim 1, 
wherein said first multiplexer means comprises a first mul- 
tiplexer for multiplexing between a first group of said 
threshold indexes to produce a first discrete value in accor- 
dance with said first selection signal, a second multiplexer 
for multiplexing between a second group of said threshold 
indexes to produce a second discrete value in accordance 
with said first selection signal, a third multiplexer for 
multiplexing between a third group of said threshold indexes 
to produce a third discrete value in accordance with said first 
selection signal, a fourth multiplexer for multiplexing 



In the transmission mode, if the mode selecting signal T/C 15 between a fourth group of said threshold indexes to produce 



represents the transmission mode, the parallel output unit 
352 is selected. The parallel output unit 352 generates the 
transmission requiring signal TRRQ every eight pixels so as 
to transmit parallel binary data TRDT having 8 bits to the 
DMA controller 12. The parallel output unit 352 activates 20 
the parallel binary data of 8 bits TRDT and the transmission 
requiring signal TRRQ in response to the latch clock 
DLHCK delayed by the delayer 354. 

As described above, the present invention has advantages 
in that high quality of the image and precise degree of 25 
resolution can be acquired from the original image in the 
facsimile machine. In addition, the present invention has 
advantages in that production cost can be reduced and high 
quality of binary image can be obtained. 

While there have been illustrated and described what are 
considered to be preferred embodiments of the present 30 
invention, it will be understood by those skilled in the art 
that various changes and modifications may be made, and 
equivalents may be substituted for elements thereof without 
departing from the true scope of the present invention. In 
addition, many modifications may be made to adapt a 
particular situation to the teaching of the present invention 
without departing from the central scope thereof. Therefore, 
it is intended that the present invention not be limited to the 
particular embodiment disclosed as the best mode contem- 
plated for carrying out the present invention, but that the 
present invention includes all embodiments falling within 
the scope of the appended claims. 

What is claimed is: 

1. A binary image processor in an image processing 
apparatus having an image sensor for reading an image, a 
converter for converting an electric signal read-out from said 
image sensor into image data, and a memory for storing a 
plurality of threshold indexes corresponding to each line unit 
of said image data, said binary image processor comprising: 
threshold generating means for generating a threshold 
value corresponding to each input pixel of said image 
data, said threshold generating means comprising first 
multiplexer means for multiplexing between said plu- 
rality of threshold indexes to produce a plurality of 
discrete values in accordance with a first selection 55 
signal, second multiplexer means for multiplexing 
between said plurality of discrete values to produce 
said threshold value corresponding to each input pixel 
of said image data in accordance with a second selec- 
tion signal, and counter means for counting a pixel 60 
clock to produce said first selection signal and counting 
a line clock to produce said second selection signal; 
processing means coupled to receive said image data on 
a line-by-line basis, for correcting shading and empha- 
sizing edge of said image data to produce processed 65 
data having said shading corrected and edge empha- 
sized; and 
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a fourth discrete value in accordance with said first selection 
signal; and said second multiplexer means corresponds to a 
fifth multiplexer for multiplexing between said first, second, 
third and fourth discrete values to produce said threshold 
value in accordance with said second selection signal. 

3. The binary image processor as claimed in claim 1, 
wherein said binarizing means comprises: 

a binary image determining unit for making a comparison 
between each binary bit of said processed data having 
said shading corrected and said edge emphasized with 
said threshold value corresponding to said binary bit to 
determine whether said binary bit represents "black" or 
"white" pixel, and for generating said binary data 
representing said image; and 

a data output unit for outputting said binary data repre- 
senting said image for direct printing or distant trans- 
mission in response to a mode selection signal. 

4. The binary image processor as claimed in claim 3, 
wherein said binary image determining unit comprises a 
comparator. 

5. The binary image processor as claimed in claim 3, 
wherein said data output unit comprises: 

a delay for providing a delayed latch clock by delaying a 
latch clock for a delayed period; 

a serial output unit clocked successively by said latch 
clock and said delayed latch clock, for transmitting said 
binary data serially to a thermal print head for direct 
printing when said mode selection signal represents a 
copy mode; and 

a parallel output unit clocked successively by said latch 
clock and said delayed latch clock, for transmitting said 
binary data parallel to another binary image processor 
when said mode selection signal represents a transmis- 
sion mode. 

6. A binary image processor comprising: 

threshold generating means for generating a threshold 
value corresponding to each input pixel of image data 
obtained by reading an image from an image sensor: 
processing means coupled to receive said image data on 
a line-by-line basis, for correcting shading and empha- 
sizing edges of said image data to produce processed 
data having shading corrected and edge emphasized, 
said processing means comprising: 
a memory for storing a reference voltage value, a 
shading correction factor determined from a photo- 
electric conversion of said image sensor and said 
reference voltage value, and a plurality of threshold 
indexes for serving as a reference threshold value for 
binarization of said image data; 
a control signal generator for responding to said shad- 
ing correction factor read from said memory to 
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generate a first control signal for controlling shading 
correction of said image data, and a second control 
signal for controlling edge emphasis of said image 
data, and a third control signal for controlling 
completion of said edge emphasis of each given 5 
pixel; 

an edge emphasis mask unit for masking, in a given 
pixel unit, said processed data having said shading 
corrected so as to perform one or more levels of edge 
emphasis on a given pixel of said image data in 1Q 
response to said second control signal, and for gen- 
erating edge emphasis data in response to said third 
control signal indicating said completion of said 
edge emphasis; and 

an operation unit for performing said shading correc- 
tion of said image data in response to said first 15 
control signal and for performing said edge emphasis 
of said image data on a basis of said edge emphasis 
data in response to said second control signal to 
produce said processed data having said shading 
corrected and edge emphasized; 20 
binarizing means for using half-tone processing to bina- 

rize each pixel of said processed data on a basis of said 

threshold value for generating binary data representing 

said image. 

7. The binary image processor as claimed in claim 6, 25 
wherein said edge emphasis mask unit comprises: 

multiplying means comprised of one or more registers for 
storing edge emphasis weighting factors and for mul- 
tiplying each pixel unit of said image data with a 
corresponding edge emphasis weighting factor; and 30 

selecting means for selecting the output of said registers 
and generating said edge emphasis data in response to 
said third control signal. 

8. The binary image processor as claimed in claim 6, 
wherein said control signal generator comprises: 35 

an inverter for providing an inverted pixel clock signal by 

inverting a pixel clock signal; 
a shading correction controller for responding to said 

pixel clock signal and an input clock signal to generate 

said first control signal for controlling the shading 40 

correction of said image data; 
a shoot pulse generator for responding to said first control 

signal and said input clock signal to generate a shot 

pulse signal; 

a first AND gate for logically combining said inverted 
pixel clock signal and said shot pulse signal to generate 
a first logic signal; 

a second AND gate for logically combining said shot 
pulse signal and said first logic signal to generate a 5Q 
second logic signal; 

an edge emphasis controller for responding to said second 
logic signal and said input clock signal to generate said 
second control signal for controlling the edge emphasis 
of said image data, and said third control signal for ss 
controlling the completion of said edge emphasis of 
each given pixel; 

a shading factor generator coupled to receive said shading 
correction factor, for generating a shading factor con- 
trol signal in response to said inverted pixel clock 60 
signal; 

a third AND gate for logically combining said first control 

signal and an inverted of said second control signal to 

generate a third logic signal; 
a fourth AND gate for logically combining an inverted of 65 

said first control signal and said shading factor control 

signal to generate a fourth logic signal; 
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a first OR gate for logically combining said first control 
signal and said shading factor control signal to generate 
an output latch signal to said operation unit; 

a second OR gate for logically combining said third and 
fourth logic signals to generate a fifth logic signal; and 

a fifth AND gate for logically combining said fifth logic 
signal and said input clock signal to generate an output 
clock signal to said operation unit. 

9. The binary image processor as claimed in claim 8, 
wherein said shading correction controller comprises: 

a sixth AND gate for logically combining said input clock 
signal and said first control signal to generate a sixth 
logic signal; and 

a counter for making a binary count of said sixth logic 
signal upon reset of said inverted pixel clock signal and 
generating said first control signal when said binary 
count reaches a predetermined value. 

10. The binary image processor as claimed in claim 8, 
wherein said edge emphasis controller comprises: 

a sixth AND gate for logically combining said input clock 
signal and said second control signal to generate a sixth 
logic signal; and 

a counter for making a binary count of said sixth logic 
signal upon reset of said second logic signal and 
generating said second control signal and said third 
control signal when said binary count reaches a prede- 
termined value. 

11. The binary image processor as claimed in claim 8, 
wherein said operation unit comprises: 

a multiplexer for multiplexing between said image data 
and said edge emphasis data and providing multiplexed 
data in response to said first control signal; 

an operation selector for providing shifted data by shifting 
said processed data by a given bit in response to said 
first control signal; 

a first input register having a clock terminal receiving said 
input clock signal, and a control terminal receiving said 
output latch signal, for temporarily storing said shifted 
data upon initialization by said first logic signal; 

a second input register having a clock terminal receiving 
said input clock signal, for temporarily storing said 
multiplexed data upon initialization by said first logic 
signal; and 

means for correcting the shading of said image data by 
combining the output of said first and second input 
registers during a shading correction period and for 
emphasizing the edge of said image date by combining 
the output of said first and second input registers during 
an edge emphasis period, and for producing said pro- 
cessed data having said shading corrected and edge 
emphasized in response to said output clock signal. 

12. The binary image processor as claimed in claim 6, 
wherein said operation unit operates as a multiplier for 
performing the shading correction of said image data, and as 
an adder for performing the edge emphasis of said image 
data. 

13. The binary image processor as claimed in claim 6, 
further comprising: 

a voltage peak controller for constantly maintaining an 
update of said reference voltage value stored in said 
memory for each line unit of said image data by 
comparing said reference voltage value stored in said 
memory with each pixel unit of said image data and 
restoring a compared result in said memory; 

a shading correction post-processing unit connected to 
said operation unit and said edge emphasis mask unit, 
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for clamping the range of pixel brightness values of 
said processed data having said shading corrected; and 
an edge emphasis post-processing unit connected to said 
operation unit, for limiting the range of pixel brightness 
values of said processed data having said shading 
corrected and edge emphasized. 

14. The binary image processor as claimed in claim 13, 
wherein said voltage peak controller comprises: 

a comparator for making a comparison between said 
reference voltage value stored in said memory with 
each pixel unit of said image data; 

a AND gate for logically combining said comparison with 
an half-tone mode signal for the half-tone processing 
and an automatic gain control signal for voltage peak 
control to generate a logic value; and 

a counter having a clock terminal receiving said logic 
value, for counting said reference voltage value in a 
line unit upon reset by a line clock signal and for 
generating said reference voltage value for a next 
successive line unit as said compared result to be stored 
in said memory for determination of said shading 
correction factor. 

15. A binary image processor, comprising: 

means for inputting line-by-line image data obtained by 
reading an image; 

threshold generating means for generating a threshold 
value corresponding to each input pixel of said image 
data, said threshold generating means comprising a 
plurality of first multiplexers for multiplexing between 
a plurality of threshold indexes stored in a memory to 
produce a plurality of discrete values, respectively, and 
a second multiplexer for selecting between said plural- 
ity of discrete values to produce said threshold value 
corresponding to each input pixel of said image data; 

processing means for correcting image distortion of said 
line-by-line image data on a basis of a shading correc- 
tion factor, and for emphasizing edge of said line-by- 
line image data to produce processed data having 
shading corrected and edge emphasized; and 

binarizing means for binarizing each pixel of said pro- 
cessed data on a basis of said threshold value and for 
generating binary data representing said image. 

16. The binary image processor as claimed in claim 15, 
wherein said threshold generating means further comprises: 

means for receiving said plurality of threshold indexes 

stored in said memory corresponding to each line unit 

of said image data; 
a first counter for counting a pixel clock to produce a first 

selection signal for controlling individual operation of 

said plurality of first multiplexers; and 
a second counter for counting a line clock to produce a 

second selection signal to control operation of said 

second multiplexer. 

17. A binary image processor comprising: 

means for inputting line-by-line image data obtained by 

reading an image; 
threshold generating means for generating a threshold 

value corresponding to each input pixel of said image 

data; 

processing means for correcting image distortion of said 
image data on a basis of a shading correction factor, and 
emphasizing an edge of said image data to produce 
processed data having shading corrected and edge 
emphasized, said processing means comprising: 
a memory for storing a reference voltage value, a 
shading correction factor determined from said 
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image data obtained by a photoelectric conversion of 
said image and said reference voltage value, and a 
plurality of threshold indexes for serving as a refer- 
ence threshold value for binarization of said image 
data; 

a control signal generator for responding to said shad- 
ing correction factor read from said memory to 
generate a first control signal for controlling shading 
correction of said image data, and a second control 
signal for controlling edge emphasis of said image 
data, and a third control signal for controlling 
completion of said edge emphasis of each given 
pixel; 

an edge emphasis mask unit for masking, in a given 
pixel unit, said processed data having said shading 
corrected so as to perform one or more levels of edge 
emphasis on a given pixel of said image data in 
response to said second control signal, and for gen- 
erating edge emphasis data in response to said third 
control signal indicating said completion of said 
edge emphasis; and 
an operation unit for performing said shading correc- 
tion of said image data in response to said first 
control signal and for performing said edge emphasis 
of said image data on a basis of said edge emphasis 
data in response to said second control signal to 
produce said processed data having said shading 
corrected and edge emphasized; and 
binarizing mean for binarizing each pixel of said pro- 
cessed data on a basis of said threshold value to 
produce binary data representing said image. 

18. The binary image processor as claimed in claim 17, 
wherein said edge emphasis mask unit comprises: 

means for storing edge emphasis weighting factors and 
for multiplying each pixel unit of said image data with 
a corresponding edge emphasis weighting factor to 
produce a plurality of multiplied data; and 

means for making a selection from said plurality of 
multiplied data and generating said edge emphasis data 
in response to said third control signal. 

19. The binary image processor as claimed in claim 17, 
wherein said control signal generator comprises: 

a shading correction controller for responding to a pixel 
clock signal and an input clock signal to generate said 
first control signal for controlling the shading correc- 
tion of said image data; 

a shoot pulse generator for responding to said first control 
signal and said input clock signal to generate a shot 
pulse signal; 

a first logic gate for logically combining an inverted pixel 
clock signal and said shot pulse signal to generate a first 
logic signal; 

a second logic gate for logically combining said shot 
pulse signal and said first logic signal to generate a 
second logic signal; 

an edge emphasis controller for responding to said second 
logic signal and said input clock signal to generate said 
second control signal for controlling the edge emphasis 
of said image data, and said third control signal for 
controlling the completion of said edge emphasis of 
each given pixel; 

a shading factor generator for responding to said shading 
correction factor and generating a shading factor con- 
trol signal in response to said inverted pixel clock 
signal; 

a third logic gate for logically combining said first control 
signal and an inverted of said second control signal to 
generate a third logic signal; 
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a fourth logic gate for logically combining an inverted of 

said first control signal and said shading factor control 

signal to generate a fourth logic signal; 
a fifth logic gate for logically combining said first control 

signal and said shading factor control signal to generate 5 

a fifth logic signal; 
a sixth logic gate for logically combining said third and 

fourth logic signals to generate a sixth logic signal; and 
a seventh logic gate for logically combining said sixth ^ 

logic signal and said input clock signal to generate an 

output clock signal. 

20. The binary image processor as claimed in claim 19, 
wherein said shading correction controller comprises: 

a eighth logic gate for logically combining said input 15 
clock signal and said first control signal to generate a 
eighth logic signal; and 

counter means for making a binary count of said eighth 
logic signal upon reset of said inverted pixel clock 
signal and generating said first control signal when said 2 o 
binary count reaches a predetermined value. 

21. The binary image processor as claimed in claim 19, 
wherein said edge emphasis controller comprises: 

a eighth logic gate for logically combining said input 
clock signal and said second control signal to generate 25 
a eighth logic signal; and 

counter means for making a binary count of said eighth 
logic signal upon reset of said second logic signal and 
generating said second control signal and said third 
control signal when said binary count reaches a prede- 30 
termined value. 

22. The binary image processor as claimed in claim 17, 
wherein said operation unit comprises: 

a multiplexer for multiplexing between said image data 
and said edge emphasis data and providing multiplexed 35 
data in response to said first control signal; 

an operation selector for providing shifted data by shifting 
said processed data by a given bit in response to said 
first control signal; 
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a first input register having a clock terminal coupled to 
receive said input clock signal, and a control terminal 
coupled to receive said output latch signal, for tempo- 
rarily storing said shifted data upon initialization by 
said first logic signal; ^ 

a second input register having a clock terminal coupled to 
receive said input clock signal for temporarily storing 
said multiplexed data upon initialization by said first 
logic signal; and 

means for correcting the shading of said image data by 50 
combining the output of said first and second input 
registers during a shading correction period and for 
emphasizing the edge of said image date by combining 
the output of said first and second input registers during 
an edge emphasis period, and for producing said pro- 55 
cessed data having said shading corrected and edge 
emphasized in response to said output clock signal. 

23. The binary image processor as claimed in claim 17, 
wherein said operation unit operates as a multiplier for 
performing the shading correction of said image data, and as 60 
an adder for performing the edge emphasis of said image 
data. 

24. The binary image processor as claimed in claim 17, 
wherein said binarizing means comprises: 

binary image determining means for making a compari- 65 
son between each binary bit of said processed data 
having said shading corrected and said edge empha- 



sized with said threshold value corresponding to said 
binary bit to determine whether said binary bit repre- 
sents "black" or "white" pixel, and for generating said 
binary data representing said image; and 
data output means for outputting said binary data repre- 
senting said image. 

25. The binary image processor as claimed in claim 24, 
wherein said data output means comprises: 

delay means for providing a delayed latch clock by 
delaying a latch clock for a delayed period; 

means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data 
serially to a thermal print head for direct printing when 
said mode selection signal represents a copy mode; and 

means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data 
parallelly to another binary image processor when said 
mode selection signal represents a transmission mode. 

26. The binary image processor as claimed in claim 17, 
further comprising: 

voltage peak controller means for constantly maintaining 
an update of said reference voltage value stored in said 
memory for each line unit of said image data by 
comparing said reference voltage value stored in said 
memory with each pixel unit of said image data and 
restoring a compared result in said memory; and 

means for clamping the range of pixel brightness values 
of said processed data having said shading corrected 
and edge emphasized. 

27. The binary image processor as claimed in claim 26, 
wherein said voltage peak controller means comprises: 

comparator means for making a comparison between said 
reference voltage value stored in said memory with 
each pixel unit of said image data; 

means for logically combining said comparison with an 
half-tone mode signal for the half-tone processing and 
an automatic gain control signal for voltage peak 
control to generate a logic value; and 

counter means for counting said reference voltage value 
in a line unit upon reset by a line clock signal and for 
generating said reference voltage value for a next 
successive line unit as said compared result to be stored 
in said memory for determination of said shading 
correction factor, 

28. Abinary image processor in a binary image processing 
apparatus having a memory storing a reference voltage 
value, a shading correction factor determined from electric 
signal obtained by photoelectric conversion and the refer- 
ence voltage value, and a plurality of threshold indexes for 
serving as a reference threshold value for binarization of 
image data, said binary image processor comprising: 

means for inputting line-by-line image data obtained by 
reading said image; 

control signal generator means for responding to said 
shading correction factor read from said memory to 
generate a plurality of control signals for said shading 
correction and edge emphasis of said image; 

edge emphasis mask means for masking, in a given pixel 
unit, so as to perform one or more levels of said edge 
emphasis on a given pixel, and for generating masked 
edge emphasis data in response to a first control signal 
indicative of a completion of said edge emphasis on 
said given pixel; 

operation means for performing said shading correction of 
said image data in response to a second control signal 
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and for performing said edge emphasis of said image 
data on a basis of said masked edge emphasis data in 
response to a third control signal to produce said 
processed data having said shading corrected and edge 
emphasized; and 5 
binarizing means for binarizing each pixel of said pro- 
cessed data on a basis of said reference threshold value 
and for generating binary data representing said image. 

29. The binary image processor as claimed in claim 28, 
wherein said control signal generator means comprises: 10 

a shading correction controller for responding to a pixel 
clock signal and an input clock signal to generate said 
second control signal for controlling the shading cor- 
rection of said image data; 

a shoot pulse generator for responding to said second 
control signal and said input clock signal to generate a 
shot pulse signal; 

an edge emphasis controller for generating said third 
control signal for controlling the edge emphasis of said 2 o 
image data, and said first control signal for controlling 
the completion of said edge emphasis of each given 
pixel; and 

a shading factor generator for responding to said shading 
correction factor and generating a shading factor con- 25 
trol signal in response to an inverted pixel clock signal. 

30. The binary image processor as claimed in claim 29, 
wherein said shading correction controller comprises a 
counter for making a binary count of a line clock signal upon 
reset of said inverted pixel clock signal and generating said 30 
second control signal when said binary count reaches a 
predetermined value. 

31. The binary image processor as claimed in claim 29, 
wherein said edge emphasis controller comprises a counter 
for making a binary count of a line clock signal and 35 
generating said first and third control signals when said 
binary count reaches a predetermined value. 

32. A binary image processor of a facsimile machine, 
comprising: 

a memory for storing a shading factor for a shading 40 
correction, a voltage peak value corresponding to a 
white reference of an image and a threshold value for 
determining one of a black and white pixel of said 
image on a pixel -by-pixel basis; 

threshold generating means for generating said threshold 45 
value stored in said memory by a line clock of a given 
pixel unit and by a pixel clock corresponding to each 
pixel unit; 

voltage peak control means for comparing image data 5Q 
obtained from reading an image with voltage peak 
value stored in said memory, so as to adap lively control 
the voltage peak value corresponding to the white 
reference of said image, and for restoring the compared 
voltage peak value in said memory; 55 

shading correction control means for generating a shading 
correction signal for a shading correction of said image 
during a first time period provided by said pixel clock; 

edge emphasis control means for generating an edge 
emphasis signal for an edge emphasis of said image 60 
during a second time period provided by said shading 
correction signal; 

edge emphasis masking means for masking said image 
data so as to perform one or more levels of the edge 
emphasis on a given pixel, and for emphasizing an edge 65 
of the masked image data in response to said edge 
emphasis signal; 
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operation means for selecting and operating arithmeti- 
cally said image data and said masked image data in 
response to said shading correction signal and said edge 
emphasis signal; 

binary image determining means for determining whether 
each pixel unit of said image data corresponds to one of 
said black and white pixel of said image by comparing 
a value operated arithmetically by said operation means 
with said threshold value; and 

data output means for outputting binary image data deter- 
mined by said binary image determining means. 

33. The binary image processor as claimed in claim 32, 
wherein said data output means comprises: 

delay means for providing a delayed latch clock by 
delaying a latch clock for a delayed period; 

means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data 
serially to a thermal print head for direct printing when 
a mode selection signal represents a copy mode; and 

means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data in 
parallel to another binary image processor when said 
mode selection signal represents a transmission mode. 

34. The binary image processor as claimed in claim 33, 
wherein said shading correction control means comprises a 
counter for making a binary count of a line clock and 
generating said shading correction signal when said binary 
count reaches a predetermined value. 

35. The binary image processor as claimed in claim 33, 
wherein said edge emphasis control means comprises a 
counter for making a binary count of a line clock and 
generating said edge emphasis signal when said binary count 
reaches a predetermined value. 

36. A binary image processor, comprising: 

an image sensor for inputting line-by-line image data 
obtained by reading an image; 

a memory for storing a reference voltage value, a shading 
correction factor determined from a photoelectric con- 
version of said image and said reference voltage value, 
and a plurality of threshold indexes for serving as a 
variable threshold value for binarization of said image 
data; 

a threshold generating unit for generating said variable 
threshold value from said plurality of threshold indexes 
corresponding to each input pixel of said image data in 
accordance with a background intensity of said image 
read from said image sensor; 

a processor unit responsive to said shading correction 
factor read from said memory, for performing shading 
correction of said image data and for subsequently 
performing edge emphasis of said image data to pro- 
duce processed data having shading corrected and edge 
emphasized, said processor unit comprising a shading 
correction controller for controlling the shading cor- 
rection of said image data in dependence upon said 
shading correction factor, and an edge emphasis con- 
troller for controlling the edge emphasis of said image 
data; and 

a binary unit for binarizing each pixel of said processed 
data on a basis of said variable threshold value to 
produce binary data representing said image. 

37. The binary image processor as claimed in claim 36, 
wherein said binary unit comprises a binary image deter- 
mining means for making a comparison between each binary 
bit of said processed data having said shading corrected and 
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said edge emphasized with said variable threshold value 
corresponding to said binary bit to determine whether said 
binary bit represents one of "black" and "white" pixel for 
generating said binary data representing said image; and 
data output means for outputting said binary data represent- 5 
ing said image. 

38. The binary image processor as claimed in claim 37, 
wherein said data output means comprises: 

delay means for providing a delayed latch clock by 
delaying a latch clock for a delayed period; 
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means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data 
serially to a thermal print head for direct printing when 
a mode selection signal represents a copy mode; and 

means clocked successively by said latch clock and said 
delayed latch clock, for transmitting said binary data 
parallelly to another binary image processor when said 
mode selection signal represents a transmission mode. 

***** 
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